Objective Recurrent spontaneous abortion (RSA) is a multifactor and distressing disease. There are still approximately half of the RSA patients with cause not being identified to date. Accumulating studies have confirmed that genetic polymorphisms in glutathione S-transferases (GSTs) were associated with the risk of recurrent spontaneous abortion. In this study, we aimed to investigate the relationship between the polymorphism of GSTA1, which is GSTA1 -69C/T (rs3957357), and the development of recurrent spontaneous abortion.
Introduction
Recurrent spontaneous abortion (RSA) is defined by two or more consecutive failed clinical pregnancy [1] . As a common and frustrating pregnancy complication, it has been reported that approximately 15 % clinical pregnancies ended up with miscarriage, and RSA occurs in 0.4-2 % of diagnosed pregnancies [2] . Since RSA is a multifactor disease, chromosomal abnormalities, thrombophilic disorders, anatomical anomaly, e n d o cr i n e a b no r m a l i t i e s , i m m u n e d y s f u n c t i o n , antiphospholipid syndrome and infections have been identified as risk factors for RSA [3] . However, there are only half of the RSA patients with cause identified, the other half still need to be elucidated, which are called unexplained recurrent spontaneous abortion (URSA). What's worse, the safety and efficacy of current therapies to prevent RSA are inadequate, and this is due, in part, to our poor understanding of the complex mechanisms underlie the RSA. In recent years, accumulating studies have suggested that oxidative stress (OS) plays an important role in the development of RSA and the sensitive to oxidative damage could be modified by the genetic variants in individual biotransformation enzymes.
Oxidative stress (OS) [4] is an imbalanced state that the ability to degrade dangerous molecules, such as reactive oxygen species (ROS), is weaker than the generation of them. Since pregnancy is a high metabolic state and accompanied by elevated requirement for tissue oxygen, women with pregnancies are more subject to the oxidative stress compared to the non-pregnant women [5] . A deficient detoxification system in pregnant women may result in the RSA due to the increased exposure of embryo to exogenous and endogenous compounds. These compounds may be degraded by the phase II enzymes, especially glutathione S-transferase (GST). GST gene encodes the glutathione S-transferases (GSTs) which play a key role in detoxification of a wide range of exogenous and endogenous compounds, such as carcinogens, therapeutic drugs, environmental toxins and reactive oxygen species [6] . GSTs are divided into three families: cytosolic, mitochondrial, and the membrane-associated proteins in eicosanoid and glutathione metabolism proteins, among them, the cytosolic subfamily is by far the most abundant one [7] . Numbers of studies have suggested that the genetic polymorphism of cytosolic GST genes was associated with the risk of RSA [8] [9] [10] [11] [12] .
At present, cytosolic glutathione S-transferases have been identified into eight distinct classes: alpha, kappa, mu, omega, pi, sigma, theta and zeta [13] . GSTA1 gene encodes a glutathione S-transferase belonging to the alpha class. The GSTA1 enzymes have the ability to protect cells from reactive oxygen species, products of peroxidation and also play a role in the metabolism of polycyclic aromatic hydrocarbons, which are dangerous air pollutants [14] . There was study suggest that the genetic variant of GSTA1 gene, which is GSTA1 −69C/T polymorphism (rs3957357) has significant association with the risk of RSA in Italian women with RSA [15] .
The aim of our study was to explore the role of GSTA1 −69C/T polymorphism (rs3957357) in URSA pathogenesis in Chinese Han population.
Materials and methods

Selection of patients
This case-control study was performed in 127 women with RSA and 112 control women who were referred to The First Affiliated Hospital of Anhui Medical University during the years 2010-2012. RSA was defined as at least two spontaneous consecutive miscarriages before 12 weeks of gestation after conceiving from the same partner. All the female with RSA included are primary aborters with no previous history of live births. Furthermore, RSA patients enrolled in the study underwent a routine investigation to exclude the known risk factors for RSA, such as chromosomal aberrations of partners and the embryos, anatomical abnormalities, thrombophilia, metabolic disorders and positive lupus anticoagulant, anticardiolipin antibodies. As a control group, 121 healthy women with at least one previous live birth and no spontaneous abortion were included. The women enrolled in control group had no pregnancy-associated complications either. Informed written consent was obtained from all individuals. The study was approved by the Ethics Review Committee on Family Planning of Anhui Medical University.
DNA extraction
Genomic DNAs from Peripheral blood leukocytes of RSA patients and controls were extracted by a QIAGEN blood kit (Qiagen, Hilden, Germany) according to the manufacturer's methods.
Genotyping
Genotype analysis of GSTA1 −69C/T polymorphism was detected by Polymerase Chain Reaction Fragment Length Polymorphism (PCR-RFLP).
The primers used for PCR procedure were selected by the Genetool, then we inputted the primer sequences to the BLAST database to compare the homology with other GSTs and to make sure that the primers were unique to GSTA1. Primers used were for GSTA1 forward primer CCAACATA ACCCCCTACATGGTAT and reverse primer CAATTCTT GAACTGTCACCCAAGC. The PCR procedure was as follows: an pre-incubation at 95 centigrade for 3 min, the PCR mixture was subject to 35 cycles of 95°C for 30 s, 60.9°C for 30s and 72°C for 40s. Followed, the PCR reaction mixture products were analyzed by gel electrophoresis.
To determine the polymorphism of the GSTA1 −69C/T, the resulting 899 bp fragment was digested with the restriction enzyme EarI(Fermentas, EU) [16] . The genotypes were defined by the different electrophoretic bands. The wild type allele (C) still presented a 899 bp band as a result of having no EarIsite. The heterozygous (CT) and rare homozygous (TT) resulted in 3 bands and 2 bands, respectively.
Statistical analysis
Demographic and clinical characteristics of patients and control samples were described in terms of median±minimum/ maximum. The standard chi-test was used to assess the differences in the genotype distributions and the Hardy-Weinberg equilibrium among RSA patients and healthy females. The statistically significance was accepted when P value <0.05.
Results
Genotype and allele frequencies of 127 women with RSA and 112 healthy women were analyzed for the variant single nucleotide polymorphism (SNP) in GSTA1. Three different genotypes (CC, CT and TT) of GSTA1 −69C/T polymorphism reported previously were observed after digesting the amplified DNA fragment of 899 bp with the restriction enzyme EarI [17] . The enzymatic restriction products of the rs3957357 were of the expected size. Three different banding patterns were obtained: the wild type (CC) produced only a band at 899 bp, homozygous mutant genotype (TT) is characterized by 639 bp and 260 bp products, while heterozygous genotype (CT) resulted in three bands (899, 639 and 260 bp). All genotype frequencies in our controls were within the ranges reported previously in Chinese population [18] .
The characteristics of patients and control group recruited for this study were summarized in Table 1 . The genotype frequencies of GSTA1 −69C/T polymorphism in both case and control groups were in Hardy-Weinberg equilibrium (χ 2 = 0.842, P=0.359; χ 2 =0.047, P=0.829). Genotypes and allelic frequencies of GSTA1 −69C/T polymorphism were showed in Table 2 . Between both study samples, there was no significant difference in the frequencies of the GSTA1 alleles. We found that GSTA1 variant allele GSTA1 −69 T was present at a frequency of 0.122 in case group, while in controls the frequency was 0.125 (χ 2 = 0.009592, P=0.922). The chi-test for GSTA1 showed that the genotypes distribution of case groups did not differ significantly from control groups, either (χ 2 =0.193, P=0.908). In our analysis of GSTA1 −69C/T, the proportion of the wild genotype, heterozygous and homozygous genotype were 0.780, 0.197 and 0.024 respectively in women with RSA, whereas in controls the proportions of these three genotypes were 0.768, 0.214 and 0.018, respectively.
Discussion
Pregnancy is a dramatic complicated process, accompanied with increased metabolic demand and elevated oxygen requirement. Thus, compared to non-pregnancy women, pregnancy women is in a state of high oxidative load. The genetic variants in metabolic detoxification activities could provoke the imbalance between the interactions of phase Iand II biotransformation enzymes, as a result, increased exposure of conceptus to endo-and exogenous toxins might contribute to the development of RSA [12] . GSTA is a subfamily of GSTs, which is most expressed in the liver. There was report suggesting that glutathione Stransferase alpha (GSTA) may have potential defense mechanisms against reactive oxygen species in mouse embryonic cells [19] . Recently, Polimanti,R have confirmed the genetic association between GSTA1 −69C/T polymorphism and the risk of RSA in Italian population. However, the exact mechanisms of GSTA1 in the development of RSA has not been clarified, thus, in order to provide a theoretical basis for subsequent functional exploration, the aim of this study was to investigate the possible association between rs3957357 polymorphism at the GSTA1 gene and the risk of RSA in Chinese Han population.
Our study reported that the GSTA1 −69C/T polymorphism have no significant association with the development of RSA in Chinese Han population. Therefore, the results suggested that the GSTA1 −69C/T polymorphism may be excluded as a genetic cause of RSA in Chinese Han population or perhaps it has a week function in the risk of RSA.
Our study failed to reveal the relationship between the GSTA1 polymorphism and risk of RSA in Chinese Han patients, while this result may not be considered contradictory to the report in Italian individuals. This discrepancy might possibly due to factors as follows: On the one hand, the frequency distribution of GSTA1 −69C/T genotype was not identical in different ethnics. According to the study of Ping [18] , Chinese population has lower mutant allele frequency (12.9 %) of GSTA1 gene as compared to the Caucasian (26 %), African-American (38 %), and Spanish (39 %). This diversity may lead to the contrary observation between the previous study and ours.
On the other hand, RSA is a kind of multifactor disease, both genetic, environment factors and life-style can have an effect on the development of the RSA. Among them, caffeine and cigarette smoking are considered to be fetotoxic and may have an adverse effect on the pregnancy outcome. There was research suggested that GSTA1 gene may play an important role in detoxification in the fetus exposure to the toxicants of maternal smoking [20] . Bech,B.H. and colleagues also hypothesized that GSTA1 may be indispensable in the metabolism of caffeine [21] . Unfortunately, our study failed to collect relative data. Therefore, the relationship between life-style and RSA may be analyzed in our further research.
In conclusion, our study reported that the GSTA1 −69C/T polymorphism has no significant association with the development of RSA in Chinese Han population for the first time. However, this result could not be considered as a contradiction to the previous study in the Italian population. In the further study, the assessment of cigarette smoking, caffeine intake and alcohol beverage consumption, larger sample size and the included variety of population had better take into consideration in order to better elucidate the relationship and function of GSTA1 in the development of RSA.
